an atherosclerotic lesion and following myocardial ischemia. [3] [4] [5] [6] [7] [8] 
Focused question
Is there an association between MI and periodontal disease?
Objectives
The study objective was to review the association between periodontal disease and MI in adults.
Materials and Methods

Search method for identification of studies
The search strategy used a combination of controlled vocabulary and free-text terms, as follows: (((( 
Data analysis and extraction
Two authors (MR and PB) independently eliminated any duplicates from the gathered results and examined the remaining articles by title and abstract. Subsequently, the full texts were obtained and analyzed for further inclusion/exclusion. Studies that did not meet the inclusion criteria were excluded. The full-text articles of those identified after the title and abstract were screened. All the included studies were assessed independently and in duplicate by two review authors (MR and PB) for study design characteristics and features of internal validity. An instrument was developed to assess the quality of the eligible studies. Each study was assessed in terms of study settings, sampling strategy, measurement tools, analysis method, and generalizability of findings. For cross-sectional and longitudinal studies, there are seven and five indicators respectively for quality assessment, which were assessed using the BSA Medical Sociology Group and the Quality Assessment Tool for Systematic Reviews of Observational studies. [9] For every included study, using Microsoft Excel sheet, the study definition, risk-of-bias assessment, total length of study, unit of randomization, unit of analysis, participants' characteristics, interventions, outcomes, results, and other items were collected by two reviewers. The review authors were not blinded to author and source institution. Any disagreement was resolved by discussion or by third-party adjudication.
Synthesis of findings
The absence of significant clinical heterogeneity in terms of patient demographic characteristics and the measures used to record periodontal diseases, along with the quality of the studies, led to the decision to pool the study data. Because clinical heterogeneity was high, the summarized findings were depicted qualitatively only without meta-analysis.
results
By following the described strategy, the electronic search yielded 47 articles, and texts of the 43 articles which seemed to be relevant were obtained and reviewed after removal of duplicates. Based on the title of the study, seven articles were excluded and the remaining 36 were screened. After abstract evaluation, 14 full-text articles got eligible for the review. According to the inclusion criteria, a total of 11 studies, which attempted to assess the association of periodontal disease to MI, were selected for the review [ Table 1 ]. The overall summary of all the cross-sectional, longitudinal, and case-control study is described in Table 2 .
The three cross-sectional studies which were selected for the study with a total of 6244 participants revealed that CVDs are associated with increased severity of periodontitis. The results became more evident through the six longitudinal studies, conducted with a total of 133,258 participants, which support the fact that periodontal disease is a risk factor for CVDs. In the two case-control studies which analyzed 1214 patients (211 cases + 1003 controls), hypercholesteremia was found out to be a possible link between periodontal diseases and MI. The quality assessment of the each included study was made using appropriate tools and is presented in Table 3a and b. Among the six longitudinal studies, two studies scored good and four scored fair interpretation. The quality assessment indicator of the three cross-sectional studies was found to be moderate. Table 3b describes the way through which the quality of cross-sectional studies was analyzed. All of these studies were appropriate with respect to research design, recruitment, response rate and statistical analysis, but power of calculation and ability of the representative sample were not mentioned. [11] A total of 44,119 health professionals included in the follow-up study, in which 58% constituted dentists [13] A total of 5564 individuals aged 40 years were included in the study
The percentage AL of all teeth is 3 mm (categorized into four levels)
Self-reported MI Relative to 0% group, the unadjusted OR of heart attack increased with each higher group of AL (0%-33%, 33%-67%, and more than 67%) was 2. [14] A total of 8032 dentate adults aged 25-74 years from the NHANES-1 were added in an epidemiologic follow-up study [15] A total of 120 patients, 60 with AMI and 60 with CHD, were included in the study. The study was conducted with AMI group, which included 50 men and 10 women 
Relationship of periodontal diseases and cardiovascular diseases
Studies done by various researchers like Beck et al., [10] Joshipura et al., [11] Morrison et al., [12] Arbes et al., [13] Emingil et al., [15] Katz et al., [16] Jansson et al., [17] Gundala et al., [18] Oberoi et al., [19] and LaMonte et al. [20] indicated a positive relationship between periodontal diseases and MI. The study by Beck et al. found that people with high bone loss at baseline had almost three times the odds of developing stroke as those with low bone loss. [10] During the same year, the study of Joshipura et al. showed an association of tooth loss with increased coronary heart disease (CHD) risk. After adjusted for age and smoking status, the study revealed that a relative risk of 1.40 (95% confidence interval, 1.04-1.87) was found in men with 0-10 teeth, as compared with men with 25 or more teeth. [11] Morrison et al. enrolled 10,368 individuals in the National Canada Survey, and the data showed that poor dental health is associated with an increased risk of CVD. [12] In the same year, Arbes et al. conducted the National Health and Nutrition Examination Survey in 5633 samples and provided support for the hypothesis of an association between periodontal disease and CHD in the United States population. [13] The number of sites with probing depth ≥4 mm, subjects exhibiting bleeding on probing, smoking status, and total cholesterol level was found to be statistically different between AMI and chronic CHD in the study by Emingil et al., which proposed a possible relation of periodontal disease with AMI. [15] In 2001, Katz et al. conducted a longitudinal study (14 years) on a large cohort and proposed hypercholesterolemia as a possible link between chronic periodontal inflammation and atherosclerosis. [16] Dental health was found to be a risk indicator of death due to CVD in the study by Jansson et al. [17] In 2014, Gundala et al. found a strong correlation of serum leptin concentration to body mass index (BMI), generalized chronic periodontitis, and AMI. [18] In 2016, Oberoi et al. concluded that diabetes mellitus, CVD, and respiratory diseases are associated with a higher severity of periodontal disease. [19] A recent study by LaMonte et al. suggests that improving periodontal condition of the general population could reduce overall mortality due to CVD. [20] [18] A total of 120 participants were divided into four groups (n=30 each) based on their clinical signs, as follows: [20] A total of 57,001 postmenopausal women, in the age group of 55-89 years (1993) (1994) (1995) (1996) (1997) (1998) 
Type of study Total number of studies Total number of participants Inference
Cross-sectional studies Three 6244 CVDs are associated with an increased severity of periodontal disease. Adjusted for the same co-variables, the OR was 1.14 (1.03-1.26), indicating a 14% increase in the odds of heart attack, for a 10% increase in the percent of sites with AL Longitudinal studies Six 133,258 CVDs are associated with increased risk of periodontal disease (relative risk=1.67) which in turn causes tooth loss. Incidence ORs adjusted for established cardiovascular risk factors were 1.5, 1.9, and 2.8 for bone loss and total CHD, fatal CHD, and stroke, respectively. After further adjustment for cigarette smoking and other possible cardiovascular risk factors, all RRs were attenuated and were near the null value of 1.0. The age-adjusted incidence OR of death due to CVD was 2.7 (P½ = 0.04) if patients with a mean MBL of >10% were compared with patients with a mean MBL ≤10% Case-control studies
Two 1214
There is an association between periodontal diseases and MI, and hypercholesterolemia may be a possible link between them. The R 2 was found to be 76.8% which indicates the degree to which the independent variables are related to the dependent variable CVDs -Cardiovascular diseases, AL -Attachment loss, CHD -Coronary heart disease, MBL -Marginal bone loss, RRs -Risk ratio, OR -Odds ratio Beck et al. [10] 1996, J Periodontol Longitudinal study QATSO External validity: 1 Reporting: 1 Bias: 0 Confounding: 1
Fair
Joshipura et al. [11] 1996, J Dent Res Longitudinal study QATSO External validity: 1 Reporting: 1 Bias: 1 Confounding: 1
Good
Morrison et al. [12] 1999, J Cardiovasc Risk Longitudinal study QATSO External validity: 1 Reporting: 1 Bias: 0 Confounding: 1
Fair
Arbes et al. [13] 1999, J Dent Res Cross-sectional study BSA Medical Sociology Group 4 Moderate Hujoel et al. [14] 2000, JAMA Longitudinal study QATSO External validity: 1 Reporting: 0 Bias: 0 Confounding: 1
Emingil et al. [15] 2000, J Periodontol Case-control study QATSO External validity: 0 Reporting: 1 Bias: 0 Confounding: 1
Katz et al. [16] 2001, J Clin Periodontol Case-control study QATSO External validity: 0 Reporting: 1 Bias: 0 Confounding: 1
Jansson et al. [17] 2001, J Clin Periodontol Longitudinal study QATSO External validity: 0 Reporting: 1 Bias: 0 Confounding: 1
Gundala et al. [18] 2014, J Clin Periodontol Cross-sectional study BSA Medical Sociology Group 5 Moderate Oberoi et al. [19] 2016, J Indian Soc Periodontol Cross-sectional study BSA Medical Sociology Group 5 Moderate LaMonte et al. [20] 2017, J Am Heart Assoc Longitudinal study QATSO External validity: 
dIscussIon
Among oral diseases, periodontal disease is a common disease that affects about 90% of the adult population. [1] [2] [3] There is a clear evidence that most of the people who died of CVDs had a poor periodontal health, which provokes to agree with the fact that periodontitis is an etiological cause of several diseases including MI and thus becoming the major cause of death in developing countries like India. [4] [5] [6] [7] [8] Several studies have been conducted to determine the link between periodontal diseases and CVDs, which revealed a positive association between both conditions. Beck et al. [10] and Joshipura et al. [11] in their respective studies conducted in 1996 claimed an association between periodontal diseases and CVDs. The studies by Morrison et al. [12] and Arbes et al. [13] in 1999 also support that poor dental health has an increased risk of association with chronic heart diseases. In 2000, the study by Hujoel et al. failed to find out a convincing evidence of even a casual association between periodontal disease and chronic heart disease risk. This epidemiologic follow-up study was conducted on 8032 adults in the age group of 25-74 years, which claimed that there is no association between periodontal diseases and future MI. [14] However, in the same year, Emingil et al. claimed through their study that there is a strong association between periodontal diseases and MI. [15] The study revealed that rise in serum leptin in generalized chronic periodontitis and increased BMI may be considered as risk markers for AMI. Katz et al. proposed that higher blood cholesterol levels can be a possible link between AMI and periodontal diseases. [16] A study done by Jansson et al. revealed a major association of smoking with AMI as smoking is the major cause of periodontal diseases. [17] The study done by Gundala et al. [18] indicated that periodontal disease may be associated with AMI. In 2016, a study by Oberoi et al. revealed a significant fact that the relationship between periodontal and systemic diseases is a two-way process and can have common risk factors. [19] Another study by LaMonte et al. [20] found a positive association between periodontal diseases and CVDs.
Although MI shares common risk factors with periodontal diseases, there is no risk quantification between these diseases for pooled estimate. The wide clinical and methodological heterogeneity between the studies is a major concern to estimate the pooled value of proportion. Due to this, the qualitative findings are summarized in the table. Lack of good-quality studies is a major limitation to assess the association between MI and periodontal diseases. Further high-quality studies with less bias which estimate the relationship between these two would strengthen the evidence. From patients' and health-care providers' perspective, even though evidence remains ambiguous for the association between MI and PD, it is a valid strategy to promote oral hygiene or improve periodontal treatment outcomes to avoid the risk of MI. This is on the account serious consequences (mortality) of MI and morbidity of PD.
Considering the increased prevalence of both periodontitis and CVDs across the world and their significant association, it is evident that there is a relationship between both of them which cannot be neglected. However, there is a necessity of further large-scale longitudinal studies to reveal the extent of association and also to dissect the independent role of periodontal disease from lifestyle factors on cardiovascular conditions.
conclusIon
The evidence of the association between periodontal disease and CVDs remains low and is influenced by diabetes, smoking, etc., However, the association remains weak, and the quality of study is low.
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